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The ultimate goal of basic research is to provide
fundamental knowledge that will some day be
useful to practicing physicians. A number of
investigators, including Van Scott and Flesch,
have shown that there arc quantitative differences
in the sulfhydryl and disulfide content of scales
from various exfoliating dermatoses (1—5). This
interesting line of investigation was limited by
the fact that only exfoliating or extremely hyper-
keratotie disease processes could be studied.
Since the metabolic processes which determine
the chemical composition of scales occur beneath
the stratum corneum, it would appear that the
whole epidermis should be studied if possible.
Quantitative determinations of sulfhydryl and
disulfide in the complete epidermis could possibly
provide basic information that would be useful
in discovering fundamental abnormalities and
underlying etiologic factors in certain skin
diseases. Also, quantitative studies of disuffide
and sulfhydryl, before and after denaturation,
might reveal characteristic values that would
provide the basis for a biochemical aid to the
accurate diagnosis of various skin diseases.
Some of the most important metabolic
processes occurring in the epidermis involve
sulfhydryl and disulfide. Sulfhydryl groups are
essential for the activity of a large number of
enzymes and for cellular oxidation reduction
mechanisms. They also have an effect on keratin-
ization, antibodies, toxins, permeability, cell
division, blood coagulation, growth and carcino-
genesis (2, 6). Protein contains three types of
snlfhydryl groups (SH) and they have been
termed the freely reacting, sluggish and masked
sulfhydryl. The quality and distribution of sulf-
hydryl in protein are variable and certain proteins
have only one or two of the three types. The freely
reacting SR groups react easily with nitroprusside
and mild oxidation agents. Other SR groups
react only with more powerful reagents such as
mercaptide-forming compounds and they have
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been termed the sluggish SR groups. Masked SR
is not available until the geometric configuration
of the molecule has been altered by rupture of
hydrogen bonds, such as occurs in denaturation.
Before a study of the SH and SS content of
small samples of complete epidermis could be
undertaken, a series of four preliminary investi-
gations were necessary. First, the various methods
for determining sulfhydryl were compared and
evaluated under controlled conditions. Polaro-
graphic amperometric mercuric titration, using a
rotating platinum electrode, was found to be
excellent for this purpose. Second, since it was
highly desirable if not mandatory to use small
punch biopsy samples of tissue, the usual macro
titration technic was compared with an ultra-
micro method introduced by Iakovlev (7). This
ultramiero method, which will yield a typical
amperometrie titration curve on specimens as
small as 0.8 mgm in weight, was found to be
accurate and reliable (8). Thirdly, a process
whereby epidermis could be separated from the
dermis without altering quantitative SR and
SS determinations was sought. This investigation
revealed that Baumberger's ammonium separa-
tion technic was the procedure of choice and that
the most satisfactory method of preserving
biopsy specimens for such a study would be freez-
ing (9, 10). Last but not least, normal values had
to be established for age, sex, color and anatomi-
cal site. Values for sulfhydryl were high for the
very young and were lowest in heavily pigmented
colored skin. Age, sex and anatomical site, except
for palms and soles, yielded no major deviations.
Scales and fresh autopsy material were utilized for
these preliminary studies.
In the present investigation, over 100 biopsy
specimens were obtained from patients in the
dermatology clinics of the Texas Medical Center.
Included in this study were a variety of skin
tumors and dermatological diseases. In most
instances, the diagnosis was already known or
was simultaneously determined by histopatho-
logic examination of tissue. Biochemical determi-
nations were performed in an especially equipped
laboratory in the Biochemistry Department of
Baylor University College of Medicine.
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MATERIALS AND METHODS
Fresh biopsy specimens were preserved by
freezing in a refrigerator. The epidermis was
separated from the dermis by Baumberger's
ammonium method. Small pieces of epidermis
were weighed and transferred to the titration
vessel for homogenization. Separate determina-
tions were made for the immediately reactive
sulfhydryl (includes both freely reacting and
sluggish sulfhydryl), for the total sulfhydryl
following denaturation with urea, and for sulfur
as SS.
A phosphate buffer containing 0.01 M NaII2PO4,
0.06 M Na2HPO4, and 0.5 M KC1, was employed
as the supporting electrolyte for amperometric
titration. After closing all circuits, the constant
strength of the current was recorded. The tip of
the micro burette was immersed into the solution
and titration was conducted in the usual manner.
After adding a portion of mercuric chloride, the
current strength reaches a maximal value and
then begins to fall; therefore, amperometric
readings are taken at a fixed time interval after
the addition of each portion of titration solution
and a one-minute interval was chosen for these
determinations.
During the course of this investigation, 116
specimens representing 30 different disease proc-
esses were studied. After quantitative values had
been obtained the ratio of denatured to immedi-
ately reactive sulfhydryl was determined. It
should be emphasized that amperometric titration
by the technic employed does not differentiate
between the freely reacting and sluggish sulf-
hydryl groups and that both of these types of
sulfhydryl are recorded as immediately reactive
sulfhydryl. In some instances, there was a lack of
adequate numbers of eases for interpretation;
however, three or more specimens were obtained
for evaluation whenever possible. For purposes of
brevity and clarity of presentation, this report
will present only data that appears to be repre-
sentative and significant.
RESULTS
included in this report are 19 different entities,
and for convenience of interpretation, selected
conditions have been grouped. Although colored
skin normally contains somewhat less sulffiydryl
than white skin, this factor was not considered
in interpreting these data. In Table I the results
obtained in senile keratoses, squamous cell
carcinomas, seborrheie keratoses, basal cell
carcinomas and a keratoacanthoma are presented.
The average values yield what appear to be
significant differences between all five entities.
Aetinie (senile) keratoses and squamous cell
carcinomas both manifest an increase in imme-
diately reactive and denatured sulfhydryl; how-
ever, the squamous cell carcinoma yields a much
greater increase. The ratio of immediately reac-
tive to denatured 511 is slightly lowered for each
condition. In addition, squamous cell carcinoma
shows a marked decrease in the amount of
disulfide present. Basal cell epitheliomas and
seborrheie keratoses also show an elevated im-
mediately reactive and denatured sulfhydryl
somewhat similar to that found in aetinie kera-
tosis; yet, the ratio remains normal. A rather wide
variation in results occurs with basal cell epi-
theliomas; however, this is not surprising when
one considers the many variations a basal cell
epithelioma may manifest histologically. The
seborrheie keratoses, which histologically also
reveal proliferation of basal cells, differs slightly
from the basal cell epitheliomas in that it is low
in 55. Keratoaeanthomas reveal an interesting
picture with a low immediately reactive sulf-
hydryl, a somewhat elevated denatured sulfhy-
dryl and a high ratio of 3.3. Values in all five
conditions deviate considerably from normal.
A group of common benign tumors is presented
in Table II. It is interesting that values for
verruca vulgaris and seborrheie keratosis overlap
considerably and these lesions could at times be
difficult to differentiate biochemically just as
they are occasionally difficult to differentiate
both clinically and microscopically. Intradermal
and compound nevi manifest relatively normal
values; although, both types of S11 are slightly
elevated and the ratio is decreased. Apparently,
it would not be difficult to differentiate a benign
intradermal nevus from these other tumors by
this approach. Dermatofibromas and condylo-
mata aeuminata yield relatively charactethstie
changes. The condyloma aeuminatum has a very
high immediately reactive sulffiydryl and a high
denatured sulffiydryl. Dermatofibromas have an
elevated immediately reactive sulfhydryl, rela-
tively normal denatured sulfhydryl and a de-
creased disulfide content. The dermatofibromas
and the eondylomata acuminata, therefore, have
a low ratio of 1.2 and 1.1 respectively.
A group of selected dermatoses is presented in
Table III. These diseases have been subgrouped
according to whether the immediately reactive
sulfhydryl is low, normal, moderately elevated
or eonsepieuously high. The extreme in difference
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Normal (White) (4)
average value
range
Senile keratosis (4)
average value
range
Squamous cell carcinoma (3)
average value
range
Seborrheic keratosis (6)
average value
range
Basal cell epithelioma (5)
average value
range
Kerato-acanthoma (1)
TABLE I
Values represent mM X 1O in dry tissue/100 gm.
TABLE II
Immediate
Sil
Denatured
SIT
Sulfur as
S—S
Ratio of Denatured
to Immediate SH
Normal white (4)
average value 35.1 58.8 0.48 1.7
range 34.3—36.0 58.3—60.3 0.47—0.49 1.6—1.8
Nevus (9) (intradermal and com-
pound)
average value 52.0 67.9 0.36 1.3
range 39.5—65.0 54.0—80.0 0.22—0.48 1.2—1.4
Seborrheic keratosis (6)
average value 72.8 122.3 0.30 1.8
range 59.5—86.0 72.5—190.0 0.22—0.36 1.1—3.1
Verruca valgaris (8)
average value 55.6 89.9 0.38 1.6
range 40.0—72.0 65.0—106.0 0.22—0.34 1.3—1.8
Condyloma acuminatum (2)
average value 130.0 141.0 0.42 1.1
range 105.0—155.0 115.0—167.0 0.40—0.44 1.1—1.1
Dermatofibroma (3)
average value 57.2 62.3 0.20 1.2
range 41.5—60.0 54.0—72.0 0.19—0.21 1.1—1.3
is shown by Dariefs disease and exfoliative
dermatitis. It is interesting to note that scaling
papulo squamous diseases such as syphilis and
pityriasis rosea could present normal values for
sulfhydryl; however, both diseases did yield
slightly decreased disulfide values. Within the
moderately elevated group of diseases, signifi-
cant variations could be found. For instance,
lichen planus manifested a very high denatured
sulfhydryl and, consequently, a denatured to
immediately reactive sulfhydryl ratio of 2.4.
In contrast, lichen simplex chronicus yielded a
decreased denatured sulfhydryl content and a
lowered ratio. Subacute contact dermatitis
manifested a somewhat similar pattern to lichen
simplex chronicus, except that both the immedi-
Immediate
SIT
Denatured
SH
Sulfur as
s—s
35.1
34.3—36.0
70.3
35.5—94.0
122.6
81. 7—146 .0
72.8
59.5—86.0
77.1
40—136
24.5
58.8
58.3—60.3
92.3
63.0—120
183.3
100.0—280.0
122.3
72.5—190 .0
119.6
84—154
80.0
Ratio of Denatured
to Immediate SIT
1.7
1.6—1.8
1.4
1.1—1.8
1.5
1.2—2.0
1.8
1.1—3.1
1.8
1.1—3.1
3.3
0.48
0.47-0.49
0.38
0.32-0.48
0.20
0.11—0.27
0.30
0.22—0.36
0.44
0.29—0.59
0.35
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TABLE III
Low
Darier's disease (1)
Normal
normal white (4)
average value
range
normal colored (5)
average value
range
ichthyosis (1)
secondary syphilis (3)
average value
range
pityriasis rosea (3)
average value
range
Moderately elevated
lichen plarius (3)
average value
range
atopic eczema (3)
average value
range
lichen simplex ehronicus (2)
average value
range
contact dermatitis (subacute) (2)
average value
range
High
psoriasis (8)
average value
range
exfoliative dermatitis (2)
average value
range
COMMENTS
The findings presented in this paper should be
considered to be of a preliminary nature. Before
definite conclusions can be reached, many more
determinations on specimens of all types should
be performed. These preliminary results do,
however, indicate that relatively consistent
values are obtained with certain disease processes.
Some of the most consistent results were yielded
by nevi, syphilis, pityriasis rosen and verrucae;
but a considerable range of variation was evident
for conditions such as psoriasis, seborrheic
keratoses and basal cell carcinomas. Table IV
Immediate
SH
Denatured
SH
Sulfur as
s—s
Ratio of Denatured
to Immediate SH
13.4
35.1
34.3—36.0
28.7
25.1—31.9
33.4
34.9
27.5—43.0
37.8
22. 5—59 .0
52.0
44.0—66.0
50.7
42.7—52.0
40.0
40.0—40.0
62.0
55.0—69.0
72.6
34.6—131.0
119.5
83.0—156.0
25.0
58.8
58.3—60.3
51.8
43.8—60.7
58.8
56.0
46.5—66.5
56.0
50.0—66.0
130.5
125.0—136.0
63.9
59.5—67.1
48.4
48.3—48.5
80.0
60.0-100.0
96.4
50.5—176.0
155.0
120.0—190.0
1.9
1.7
1.6—1.8
1.9
1.4—2.2
1.7
1.6
1.5—1.8
1.6
1.1—2.2
2.4
2.0—2.7
1.3
1.2—1.4
1.2
1.2—1.2
1.3
1.1—1.4
1.4
1.1—1.7
1.4
1.2—1.5
0.48
0.47—0.49
0.46
0.35—0.54
0.40
0.38
0.33—0.44
0.36
0.25—0.46
0.40
0.35—0.44
0.39
0.31—0.45
0.40
0.40
0.40
0.35—0.44
0.50
0.32—0.66
0.39
0.36—0.42
ately reactive and denatured sulfhydryl were
increased to a greater degree. Psoriasis as antici-
pated manifested high sulfhydryl values.
Disulfide determinations were slightly decreased
in most scaling dermatoses with psoriasis which
manifested a normal disulfide content being the
most notable exception.
A depigmented vitiliginous area yielded ele-
vated SH of both types and normal values in the
adjacent skin. Two patients with postinflamma-
tory hyperpigmented areas revealed less suif-
hydryl in areas of hyperpigmentation than was
found in their normal skin.
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shows the relatively consistent values obtained
with verrucae and the rather wide variation in
range manifested by psoriasis. The psoriasis
patients with the highest sulfhydryl content were
in very active stages of the disease and showed
prominent parakeratosis histologically. The
psoriasis patient (number six) with the lowest
sulfhydryl had psoriatie lesions that were atypical
pathologically. Acanthosis was minimal and
parakeratosis was spotty. When additional
specimens are tabulated, the range of variation
will undoubtedly enlarge for most diseases.
Nevertheless, it is possible that as more data are
tabulated the specificity of certain patterns may
become increasingly evident.
Various stages in different diseases will require
evaluation. During the course of this investiga-
tion, only typical well-developed examples of
each disease entity were included. To date,
diagnostic problems have been completely
omitted from the study. In a variety of disease
states typical lesions may show wide histopatho-
logic variation; therefore, these same conditions
would be expected to have variable biochemical
values. Seborrheie keratosis, for instance, may
present at least three distinctly different histo-
pathologic patterns. Purely by coincidence a
number of relatively common dermatological
diseases have not as yet been biopsied for
study and plans for the future call for their in-
elusion in this project. Significant in this re-
spect are the vesieulo bullous diseases. The
content of vesiele fluid could possibly reveal in-
teresting findings.
Steiner (11) recently employed a spectromiero-
photometric histochemical technic to study
sulfhydryl, disulfide and sulfur levels in a variety
of dermatological diseases. The sulfhydryl
yielded by the dihydroxy-dinaphtyl-disulfide
staining technic probably corresponds to what
we have termed immediately reactive sulfhydryl.
In many respects, his findings in regard to sulf-
hydryl were similar to those revealed in our
investigation. However, our results in psoriasis
were quite different from Steiner's. He found
very low sulfhydryl levels and we found a very
high sulfhydryl content. There were also a few
minor discrepancies noted, such as in lichen
planus. We found a moderately elevated sulf-
hydryl content and Steiner's results revealed a
low SH content. The findings in a number of
other dermatoses were quite similar. Steiner's
disulfide determinations did not agree as well
with our data as those relating to sulfhydryl.
One definite similarity in both studies was the
finding that a aumber of diseases reveal differ-
ences in sulfhydryl and disulfide values. In our
determinations the complete epidermis was
titrated; whereas, Steiner's speetromierophoto-
metric technic allowed the stratum corneum and
malpighian layer to be determined separately.
This latter feature would be a definite advantage.
A superiority of the amperometrie titration
technic is the ability to differentiate between
immediately reactive and denatured sulfhydryl
since each measurement reveals different informa-
tion. In our study the disulfide changes appeared
to be less informative than those relating to
sulfhydryl; whereas, the speetromierophotometrie
technic found quantitative changes in disulfide
that appeared to be as significant as those noted
for sulfhydryl levels.
Data of the type yielded by these investiga-
tions may eventually be of value in explaining
the etiology or mechanisms related to the patho-
genesis of certain dermatologie diseases. How-
ever, at this time the most impressive implication
of this data is the possibility of using biochemical
teehnies of this type as an aid in clinical differ-
ential diagnosis. The currently accelerated
research in electronics, physics and chemistry
will in all probability yield instruments, technies
TABLE IV
Verruea vulgaris
Psoriasis
Imme-
diate
511
64.4
46.6
72.0
56.3
55.5
60.0
50.0
40.0
83.5
131.0
55.0
60.5
48.5
34.6
77.0
91.0
Dena-
tured
Sn
91.0
86.5
97.0
104.0
106.0
80.0
65.0
114.0
176.0
71.5
85.5
82.5
50.5
87.0
104.0
Sulfur
as 5—S
0.34
0.32
0.31
0.22
0.23
0.33
0.22
0.32
0.48
0.66
0.57
0.51
0.63
0.39
0.41
Ratio of
Dena-
tured to
Imme-
diate
511
1.4
1.8
1.4
1.8
1.8
1.6
1.3
1.4
1.3
1.3
1.4
1.7
1.4
1.1
1.5
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and fundamental knowledge that will be applic-
able for medical research. The fact that a series
of quantitative biochemical determinations can
now be performed on a small punch biopsy speci-
men is remarkable. Better analytical instruments
and increasingly accurate technies for biochemical
research should appear on the scene at an accele-
rated pace.
It should be emphasized that the data pre-
sented in this report are preliminary in nature
and that a completely thorough investigation
will be required before the practical application
of such findings is known. The wide range and
overlapping in values for many conditions may
limit the usefulness of this specific procedure in
differential diagnosis; however, it is possible if
not probable that biochemical determinations
will become a useful aid in differential diagnosis
in dermatology. Although the results obtained by
quantitative biochemical determination may not
be absolutely specific and diagnostic, they may
reveal facts that would be compatible with one
diagnosis and relatively imcompatible with an
alternate consideration. No one would deny the
usefulness of blood counts, yet the blood count
rarely reveals a specific etiologic diagnosis.
SUMMARY
1. Quantitative determination of epidermal
sulfhydryl and disulfide were performed on a
variety of dermatoses and skin tumors.
2. Iakovlev's ultramiero amperometrie titra-
tion technic was the quantitative method utilized
for these studies.
3. Considerable differences in average values
were found for various disease entities.
4. A number of conditions manifested rela-
tively constant values within a moderate range of
variation.
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DISCUSSION
DR. EUGENE J. VAN SCOTT (Bethesda, Md.):
Several years ago Peter Flesch and I published
data that indicated sulfhydryl levels to be high
in viable malpighian cells, low in fully keratinized
stratum corneum, and intermediate in parakera-
totic scales (A.M.A. Arch. Dermat. and Syph.
70: 141—154, 1954). Is it possible that the results
you have obtained indicate the relative pro-
portions of viable cells, fully keratinized cells,
and parakeratotic cells in the tissues studied?
Da. GERD K. STEIGLEDER (New York, N. Y.):
I realize that these biochemical studies cannot
be compared with histochemical results obtained
with the technic of Barrnett and Scligman for
sulfhydril-groups, as results depend on the
pretreatment of the tissue examined (Steiglcdcr,
Arch. klin. exp. Dermat. 211: 203—207, 1960).
But I wonder why the content of sulfhydril
groups in Darier's disease has been so low?
Our own histoehemical results indicate that they
may be as highly elevated as in psoriatic para-
keratosis.
I should like to add a remark about the history
of demonstrating elevated sulfhydril groups in
parakeratotic horny layer. Long ago Moncorps
(Arch. exp. Path. u. Pharmak. 141: 50, 1929)
und F. Hcrrmann (Z. wiss. Mikrosk. 52: 257,
1936) and other authors found these compounds
elevated in parakeratosis, as compared with
normal kcratin.
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Da. STEPHEN ROTHMAN (Chicago, Ill.): This
fine piece of work is based on reliable methodol-
ogy. I have missed the units in which the suif-
hydryl values were expressed. Do the figures
represent millimoles per gram wet weight or dry
weight or else? Van Scott et at. at the University
of Chicago (J. Invest. Dermat., 20: 111, 1953)
demonstrated high sulfhydryl values in vitiligi-
nous spots. It is gratifying to see that with this
new method results have been obtained which
are comparable to ours.
DR. JOHN M. KNOX (in closing): Thank you.
In regard to Van Scott's comments, there is
certainly some correlation between the amount
of acanthosis and the degree of thickening of the
complete epidermis with the results we obtain
but these factors do not correlate with the
quantitative values in many instances. Also there
are differences in the ratio of denatured to the
immediately reactive sulfhydryl which cannot
be completely explained on the basis of acanthosis
or parakeratosis or any relationship that is very
apparent at this time.
In regard to Darier's disease, we had one
patient from whom to obtain material for study
and it is possible that if we had more specimens
our original values would prove to be the result
of a technical error. We need additional specimens
from this and other diseases to see how specific or
nonspecific these patterns will become.
In regard to Dr. Rothman's questions, the
first question was related to what these quantita-
tive measurements mean. I will refer Dr. Roth-
man to Dr. Ogura who can answer this much
better than I. The second question was related
to living versus dead tissue. WTe did not separate
stratum corneum from viable cells. Our normal
values were obtained from autopsy specimens;
whereas, disease specimens were from living
patients. All samples were frozen promptly after
removal. The autopsy specimens were from
individuals who had been dead for a varying
number of hours prior to removal and freezing.
Possibly our normal values would be somewhat
different if we had obtained specimens from
living people.
